Since SPizizEN reported DNA-mediated transformation in Bacillus subtilis in 19581, many investigators have focused their attention on this phenomenon and evaluated the method as a promissing way for studying fundamental genetics.
If one wishes to study transformation through this system, however, one will encounter many difficulties with respect to the technique for preparing bacterial cells which are competent for transformation. In the present paper, some fundamental informations necessary for conducting transformation experiments are given.
MATERIALS AND METHODS
Strains : The mutant stocks of B. subtilis Marburg strain used in these experiments were originally supplied by the courtesy of Dr. D. M. BONNER, Department of Microbiology, Yale University.
Strain No. 116 (nicotinic acid dependent) was used for DNA preparation.
Strains No. 160 Sr (tryptophan dependent and streptomycin resistant) and No. 168 (indole or tryptophan dependent) were employed as recipients.
These strains were stocked on sporulation medium in the cold.
Media : Sporulation medium was prepared from potatoes. Five hundred grams of washed potatoes were chipped and extracted with 1 liter tap water at 120° for 10 min.
The extract was filtered through cheese cloth (Gauze) and pH was adjusted to 7.0 after 5 mg per 1. of MgSO4.7H2O was added. Fifteen gram agar was added to 11. of the filtrate to make slanted media.
Nutrient broth consisted of 10 g meat extract, 10 g polypeptone, 1 g yeast extract (Difco), 1 g NaCI and 11. tap water; pH was adjusted to 7.0 before autoclaving.
Minimal medium (MM) comprised 7 g K2HPO4, 3 g KH2PO4, 0.5 g Na3citrate • 2H2O, 1 g (NH4)2SO4, 0.2 g MgSO4.7H2O, 5 g glucose and 11. distilled water.
Solutions of magnesium sulfate, other salts, and glucose were autoclaved separately and mixed together after cooling. Solid medium is prepared by adding 15 g (per liter) Difco agar dissolved in water to concentrated liquid 243 VOL. 7 medium. Dipottasium phosphate made in Japan was occasionally impure, and it was found better to substitute it with 5.46 g KH2PO4 and 2.26 g KOH. These cautions are necessary to avoid precipitation which lowers the efficiency of transformation.
Twenty ml. of the solid medium was plated in a Petri dish and was placed overnight at 50° before use..
Supplemented media : The incubation of recipient cells were carried out in MM containing either yeast extract or casamino acids (Difco), i.e. MYI : yeast extract 0.1% , MYII : yeast extract 0.01% , MCI : casamino acids 0.1% and DL-tryptophan 50 r/ml., MCII : casamino acids 0.01% and DLtryptophan 0.5 r/ml. Auxotrophs were cultivated in MM supplemented with 30 r/ml DL-tryptophan, 10 r/ml indole, or 0.5 r/ml nicotinic acid. These media were sterilized under a modest condition, i.e. heated for 15 min. at temperature ranging from 100° to 120° in a gas-autoclave and cooled as quickly as possible.
Preparation of DNA : Cells of 116 nic, which had been incubated in nutrient broth for 12 hours at 30° on a reciprocal shaker, were washed twice with 0.05 M phosphate buffer (pH 7.2) and suspended in the same buffer containing 20% sucrose.
The cell suspension was then treated with 0.5 mg/ml lysozyme for 1 hour at 37° . The resultant protoplasts were collected by centrifugation at 15,000 x G for 20 min. and transferred to saline containing 0.015 M Na3-citrate to give osmotic shock. This was followed by centrifugation at 17,000 x G for 20 min. The precipitates were extracted with 10% NaCI in the presence of Na3-citrate (l%).
The crude extract was then deproteinized by shaking with chloroform and octanol, followed by the separation of water layer by centrifugation ; this process was repeated at least four times until the presence of denatured proteinous layer became negligible.
The DNA solution was treated with 20 r/ml RNase for 5 min. at room temperature and the resultant was deproteinized again. From the purified extract highly polymerized DNA was precipitated by the addition of two volumes of EtOH.
The precipitate was stored in 60% EtOH in the cold, and dissolved in 10°o NaCI containing 1% Na3-citrate when used for transformation experiments. The concentration of DNA was determined spectrophotometrically;
O.D. 0.022 at 260 m,cc corresponds to 1 r DNA/ml.
Incubation of recipient cells:
Approximately 5 x 10 spores were suspended in one ml of the supplemented media and heat-shocked at 60° for 5 min.
Recipient cells were incubated in two steps: 1st and 2nd cultures. Incubation was carried out in a L-or a reverse T-type tube on a see-saw type (Monod's) shaker at 37°. DNA was added to the 2nd culture.
The final concentration was approximately 30 r/ml unless otherwise stated. After an appropriate period, the cell-DNA mixture was added in the cold to 1/50 volume of DNase solution (crystalline DNase 500 r/ml) containing 10-2 M MgSO4. One tenth ml aliquots were sperad on MM immediately after the addition of DNase.
Plating was made in triplicate and number of colonies appeared on the plates after two days incubation at 37° were scored as transf ormants.
Under the experimental conditions, the number transformation in Bacillus subtilis 245 of transf ormants which appears during a Deviat function of the number of competent cells. less than ±10%.
Growth of cells was determined by the KOTAKI's nephthalomometer using visible light and expressed in terms of the units of Coleman's nephelos standard.
The nephelos value (NV) reflects the number of cells under experimental conditions better than 0.D.; the linear correlation between NV and O.D. holds in the range from 0 to 600 NV (Figure 1) . A culture of 1000 NV cotains approximately 4 x 108 cells/ml.
RESULTS
AND DISCUSSIONS certain period ion in is indicative of a triplicate plates is 1) Optimal incubation period on the 1st culture.
The method described in the report of SPIZIZEN1) was slightly modified. Approximately 2 x 107 spores/ml of 160 Sr or 168 were cultivated in the MYI medium (1st culture). At intervals, cells were harvested and transferred to two volumes of MYII medium. After addition of transforming DNA the cell-DNA mixture was incubated for another one hour on the MONOD type shaker . Transf ormants were detected by plating aliquots onto MM after DNase treatment.
Gro th 01 cells during the 1st culture was a typical f ollowin peculiar without appeare then div It was f the cells transferred period 1st (Table  1 hours.
Between the 160 Sr and the 168 which were used former always gave higher frequencies of transformation. was used throughout the following experiments.
When MCI medium was used instead of MYI, the and subsequent growth were extremely retarded.
The period for transformation of this culture was 6-7 w o ce s uring . e st cu ture was a typically exponential one ly exponential one g 1-2 hour lag period ( Figure 2 ). Microscopic observation exhibited pleiomorphism.
In the early period, germinated spores elongated cell division and formed long mycelium-like cells which when stained, d to comprise a large number of normal rod cells. These long cells ided into rods before the growth curve reached stationary phase . ound that the transformation occured at the highest frequency when terminating exponential growth were to the 2nd culture ). The best incubation of the culture was around 5 as recipients, the Therefore 160 Sr germination of spores optimal inducubation hours ( Figure 2 , and II. SAITO, frequencies of transformation were far lower than those of the spore cultures described above.
2) Conditions affecting transformation in the 2nd culture.
Cells harvested from the 5 hour-1st culture in MYI medium were resuspended in 2 volumes of MYII medium and incubated at 37°. The size of inocula was approximately 3 x 108 cells per ml. DNA was added at various times during the 2nd culture and the time courses of transformation were examined.
As shown in Figure 3 , the number of transformants increased linearly with the time lapse after a short induction period. The velocities of transformaas the lengths of induction periods were DNA addition.
Cells acquired the highest when the growth became slower.
These ber of competent cells are present in the inhibitory effect of the supplement in the 2nd culture was eliminated during the 30 min. incubation. Yeast RNA digested with pancreatic RNase was found to produce similar or, sometimes more drastic, inhibitory effect than yeast extract.
Although casamino acids had no effect under conditions described in Table 2 , this substance also exhibited inhibition when tested under different conditions. Glucose is essential for the completion of transformation.
Acquisition of the competence for transformation was affected by the size of inocula in the 2nd culture.
Ten to 50 times dilution with MYII medium instead of twice was found to be better in terms of the frequency of transformation per unit volume of culture (Table 3 ). In the diluted cultures, however, cells acquired the maximum competence after a longer cultivation, and moreover, the number of transf ormants did not increase linearly.
Therefore studies were mostly carried out under conditions giving large population of cells in the 2nd culture. * Cells harvested from the 5 hr-lst culture (8 .0 x 108 cells/ml) were inoculated in 2-1000 volumes of MYII.
DNA was added at 60 min. after the initiation of the 2nd cultures and the cell-DNA mixtures were incubated for another 50 min.
3) Concentration of DNA.
It appears that the velocity of transformation depends on the concentration of DNA as well as on the competence of the recipient cells. Figure 4 is time courses of transformation where various concentrations of DNA were used. When a large amount of DNA was used, the transformation velocity was inconstant with time and the number of transf ormants decreased abruptly.
It may be that the DNA at the high concentration affects the competence of cells. However, the initial velocities of transformation are exactly proportional to the DNA concentrations as far as the cells of constant competence are employed ( Figure 5 ). This result is reconcilable with the hypothesis proposed in Pneumococcal transformation3~ that the overall occurrence of transformation involves a rapid reversible absorption of the nucleic acid to the bacteria, followed by a slow irreversible incorporation. As stated in the preceding section, acquisition of competence by the recipient cells is under the control of metabolic activities at the early stationary phase of growth in the 1st and the 2nd cultures.
It was thought, therefore, that better physiological conditions could be provided by controlling growth in a chemostat.
A simple chemostat was designed as shown in Figure 6 . The main chamber was charged with approximately 45 ml MYI medium and 1 loopf ul of 160 Sr cells was inoculated.
Incubation was carried out with aeration.
Input rate of MYI medium was controlled by a screw cock. When Optimal conditions in the 2nd culture were somewhat different from those of the methods described in the preceding sections.
Transformation occurred at the highest frequencies when DNA was added at 0 time to the 2nd culture in MCII medium (Figure 7) . Addition of supplements to the 2nd culture suppressed the transformation, and MM gave a better result than MCII.
SUMMARY
A routine method of DNA-mediated transformation is described. Cells of tryptophan dependent strain (No. 160 Sr) of Bacillus subtilis, harvested at an early stationary phase of growth in a glucose minimal medium containing 0.1% yeast extract, are found to be the most competent for transformation (1st culture). When transforming DNA is added to the cells suspended in a fresh medium (2nd culture), transformation occurs linearly with the time lapse after a short lag period. The process of transformation seems independent of cell growth, although the acquisition of competence by the cells is under the control of delicate physiological conditions of the cells which are terminating exponential growth. The yeast extract which is required for the cell growth in the early 2nd culture, when added in excess, lowers the efficiency of transformation.
The inhibitory effect of the supplemented medium is eliminated during the growth of cells. The similar inhibition is demonstrated by the addition of nucleotides or amino acids. 
